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Summary 

Pressing  needs  in  several  contemporary  power, 
military,  and  scientific  areas  have  put  severe  re¬ 
quirements  on  power  conditioning  components.  In  an 
effort  to  advance  the  state  of  the  art,  component 
selection  and  development  tests  were  collected  into  a 
major  proposal  in  1978-79  at  Los  Alamos  National- 
Laboratory  by  three  interested  divisions.  One  sig¬ 
nificant  portion  of  that  proposal  created  the  300-kW 
Capacitor  Test  Facility  (CTF).  This  paper  is  the 
first  report  of  the  facility  operation  and  results. 

Facility  History 

The  original  charter  of  the  facility  was  first  to 
study  and  compare  the  best  capacitor  technologies 
available  for  devices  with  highest  lifetime  and 
energy  density  for  repetitive  pulse  service.  Once  a 
selection  was  made,  further  development  of  that  tech¬ 
nology  would  be  pursued.  By  1980,  it  was  discovered 
that  device  development  was  already  under  way  at 
Sandia  National  Laboratories  (Albuquerque,  New 
Mexico).  Fortunately,  joint  efforts  between  the  two 
Laboratories  began  that  year  with  perfect  compati¬ 
bility  of  facility  development.  Sandia-'’2  had 
developed  a  highly  sophisticated  manufacturing  capa¬ 
bility  and  technology;  Los  Alamos  had  spent  their 
efforts  on  development  of  a  test  and  diagnostic 
facility . 

Both  Laboratories'  products  have  matured.  The 
original  task  (selection  of  a  superior  capacitor 
technology)  given  Los  Alamos  has  been  met.  There  is 
no  manufactured  device  available  on  the  market  that 
can  compete  with  the  Sandia  perf luorocarbon  capacitor 
on  the  basis  of  energy  density  and  lifetime  for  re¬ 
petitive  pulse  power  applications. 

The  facility  has  now  been  in  operation  for  10 
months.  Data  are  flowing  on  a  daily  basis,  creating 
new  needs  for  instrument  development. 

Los  Alamos  Test  Facility 

The  Los  Alamos  test  facility  was  fabricated  using 
internal  supporting  research  funding  for  the  purpose 
of  developing  pulse  power  components,  including 
energy  storage  capacitors.  The  CTF  has  a  large  oil 
submersible  platform,  a  300-kW  high-voltage  power 
supply,  and  a  1.2-MW  cooling  tower.  The  platform  is 
fitted  with  the  necessary  switching  electronics  to 
resonantly  charge  and  then  rapidly  discharge  a  test 
capacitor  bank.  This  charge/discharge  cycle  can  be 
varied  from  a  single  shot  to  a  1-kHz  repetition  rate. 

The  major  elements  of  the  system  are  listed  below. 

o  CTF  modulator  and  power  system  including  cool¬ 
ing  tower 

o  Screen  room  and  diagnostics  facility 

o  Tektronix  data  collection  system  and  signal 
processing  package 

o  Biddle  partial  discharge  analyzer  (PDA) 

The  CTF  test  platform  is  mounted  on  a  scissor 
jack  providing  at  least  55  in.  of  lift  with  a  load 


limit  of  4500  lb.  The  platform  and  jack,  are  mounted 
in  a  6-  x  9-  x  5-ft  tank  with  a  capacity  of  2000  gal¬ 
lons  of  dielectric  oil.  The  platform  has  a  top  cover 
that  rests  on  the  tank  ridge  when  the  jack  is  col¬ 
lapsed.  This  position  fully  encloses  the  electronics 
(modulator),  reducing  electromagnetic  interference 
(EMI)  to  the  rest  of  the  facility.  This  lowered 
position  also  submerges  the  modulator  apparatus  in 
the  dielectric  oil. 

The  modulator  sections  operate  independently. 
One  section,  configured  as  a  series  switch,  is  iso¬ 
lated  from  ground  and  triggered  optically.  The 
switch  element  is  an  FG&G  HY-36  triode  thyratron  that 
switches  current  through  a  charge  inductor  (0.4  H) 
and  series  diode  to  the  capacitor  bank.  The  bank 
capacitance  and  charge  inductor  form  a  resonant  net¬ 
work  that  will  charge  to  approximately  twice  the 
supply  voltage.  The  second  section  of  the  CTF  modu¬ 
lator  is  a  shunt  switch  for  rapid  discharge  of  the 
capacitor  bank.  Either  an  EG&G  HY-5  or  HY-7  thyra¬ 
tron  can  be  used,  depending  on  the  test  needs.  All 
bias  and  supply  voltages  are  available  to  operate 
either  tube. 

The  capacitor  bank  includes  five  load  resistors 
('''8  (1  each)  capable  of  dissipating  30  kW  each  and 
of  providing  a  support  jig  for  the  capacitors.  The 
complex  impedance  of  these  load  resistors  remains 
mostly  resistive  up  to  V30  MHz.  There  is  a  paral¬ 
lel  resonance  at  73  MHz  with  an  impedance  of  only  200 
fi.  The  present  system  speed  (>100  ns)  is  such 
that  the  complex  character  will  not  present  any 

significant  problems.  Because  a  complex  impedance 
plot  (Smith  chart)  exists  for  these  devices,  future 
CTF  adaptations  can  be  compensated  for  if  necessary. 

The  data  collection  system  consists  of  the 
Tektronix  signal  processing  system  and  7612D  tran¬ 
sient  digitizer.  The  signal  processing  system  uses 
Tektronix  CP-4165  (PDP-11)  hardware  and  a  4010  graph¬ 
ics  terminal.  The  disk-based  software  consists  of 
the  Tektronix  SPS  Basic  signal  processing  and  graph¬ 
ics  routines. 

Temperature  Monitoring  System 

Early  capacitor  failure  data  indicated  subtle 

evidence  of  temperature  sensitivity  with  the  per- 
fluorocarbon  capacitors.  We  determined  that  case 
temperature  measurement  was  crucial  to  the  overall 
effort.  The  measurement  had  to  be  made  on  the 
capacitors  during  circuit  operation  with  data  avail¬ 
able  in  real  time.  We  designed  a  system  that  iso¬ 
lates  the  temperature  probe  optically  from  processing 
and  recording  instrumentation.  This  system  has  a 
reponse  of  50°C  per  minute,  accuracy  of  ±2%,  and 

repeatability  of  about  0.1%.  Data  are  sent  to  the 

screen  room  instrumentation  via  a  fiber-optic  line. 
Thus,  the  high-noise  environment  of  the  pulse  dis¬ 
charge  circuitry  is  isolated  from  the  more  sensitive 
instruments.  Figure  1  shows  the  "power  on"  case  tem¬ 
perature  transient  of  a  typical  perf  luorocarbon- 
impregnated  (Sandia)  capacitor.  Figure  2  shows  the 
thermal  transient  of  a  typical  MIPB-impregnated 
capacitor. 


642 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1.  REPORT  DATE 

JUN  1983 

2.  REPORT  TYPE 

N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Operation  Of  The  300- Kw  Capacitor  Test  Facility 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Los  Alamos  National  Laboratory  Los  Alamos,  NM  87545 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

See  also  ADM002371.  2013  IEEE  Pulsed  Power  Conference,  Digest  of  Technical  Papers  1976-2013,  and 
Abstracts  of  the  2013  IEEE  International  Conference  on  Plasma  Science.  Held  in  San  Francisco,  CA  on 

16-21  June  2013.  U.S.  Government  or  Federal  Purpose  Rights  License 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 
ABSTRACT 

SAR 

18.  NUMBER 
OF  PAGES 

4 

19a.  NAME  OF 
RESPONSIBLE  PERSON 

a.  REPORT 

unclassified 

b.  ABSTRACT 

unclassified 

c.  THIS  PAGE 

unclassified 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


The  thermometer  system  output  from  the  opto- 
receiver  is  an  analog  voltage  related  to  the  probe 
temperature  by  the  function  shown  in  Figure  3. 
Because  data  processing  capability  is  available  in 
the  screen  room,  no  attempt  is  made  to  linearize  the 
analog  section. 

Analysis  of  the  step-power  thermal  transient  (on 
or  off)  and  case  temperature  vs  various  power  levels 
can  also  be  done  with  the  same  data  processing  equip¬ 
ment  (Tektronix  CP-4165/PDP-11/34) .  Our  goal  is  to 
he  able  to  develop  an  accurate  thermal  model  of  the 
device  under  test. 

Eecause  of  critical  manufacturing  details,  these 
two  capacitors  are  not  ideal  for  comparison.  The 
foil/film  wrap  of  the  MIPB  capacitor  is  much  tighter, 
limiting  the  flow  of  impregnant  from  central  areas  of 
the  heat  generating  bulk.  Also,  this  particular 
MIPB-filled  capacitor  uses  a  stacked  array  on  the 
same  film.  That  is,  the  four  foils  are  distributed 
across  the  film  on  both  sides  to  create  three  series 
capacitors  on  the  same  film.  This  method,  although 
reducing  stress,  creates  a  central  region  with 
limited  transport  mechanism  to  remove  the  heat.  The 
result  of  this  limited  transport  system  (and  of  the 
reduced  MIPB  heat  capacity)  is  demonstrated  in  Figs. 
4  and  5.  The  sharp  rise  and  fall  of  the  case 
temperature  of  the  perf luorocarbon  type  is  good  evi¬ 
dence  of  a  superior  thermal  management  system. 

The  high  mobility  and  heat  capacity  of  the  per- 
fluorocarbon  impregnant  have  demonstrated  the  impor¬ 
tance  of  having  a  known  model  and  of  the  thermal  man¬ 
agement  system  in  high-repetition-rate  pulse  power 
applications.  Typical  switching  transients  in  pulse 
power  systems  manifest  both  the  classical  stress 
losses  of  dielectrics  and  the  high-frequency  compon¬ 
ents  that  are  products  of  the  switching  system. 
These  high-order  components  can  be  responsible  for 
skin  losses  in  the  foils  and  rf-related  additional 
losses  in  the  dielectrics. 

It  is  a  necessary  and  central  issue  to  consider 
the  heat  transport  mechanisms  and  overall  thermal 
management  in  the  design  of  high-energy-density, 
high-repetition-rate,  long-life  storage  capacitors, 
especially  with  densities  of  50  J/lb. 

Charge  Noise  Evaluation 

Charge  noise  (or  partial  discharge)  information 
has  been  used  in  the  past  as  an  indication  of  des¬ 
tructive  partial  discharge  activity  in  capacitor  tes¬ 
ting.  Others^*^  have  shown  that  repeated,  local¬ 
ized  partial  discharges  in  a  capacitor  structure  con~ 
situte  one  of  the  prime  failure  mechanisms  of  the 
dielectric.  Indeed,  this  is  true  of  all  commercially 
available  capacitors  for  pulse  power.  This  phenomenon 
can  occur  in  the  margin  area  where  enhancement  due  to 
foil  edge  geometry  increases  nonhomogeneous  stresses 
on  the  dielectric.  As  bulk  stress  rises,  these  en¬ 
hanced  regions  become  the  weak  link  in  the  chain. 
Manufacturing  errors  such  as  wrinkles,  folds,  and 
voids  also  cause  many  lifetime  failures. 

Because  of  the  general  interest  in  charge  noise 
evaluation,  we  obtained  a  PDA  from  the  James  G. 
Biddle  Co.  (Plymouth  Meeting,  Pennsylvania).  This 
analyzer  includes  a  low-noise  power  supply  capable  of 
providing  up  to  250  kV,  a  discharge  noise  detector 
with  better  than  5-pC  sensitivity,  and  a  Tracor 
Northern  Model  1750  pulse  height  analyzer  with  a  disc 
recorder.  This  system  can  display  1  part  in  10-*-^ 
charge  noise  product. 

Because  of  the  exceptional  quality  and  chemical 
make-up  of  the  Sandia  perf  luorocarbon  cpacitors,  the 
PDA  has  been  able  to  measure  some  interesting  charac¬ 
teristics.  The  perf luorocarbon  impregnant  is  appar¬ 
ently  responsible  for  a  unique  and  well-defined  noise 
peak  that  has  been  observed  on  the  pulse  height 
analyzer.  This  peak  (Fig.  6)  indicates  statistically 


that  85  to  90%  of  the  noise  spikes  (during  a  charge 
to  5.4  kV/mil  stress)  fall  within  a  narrow  domain  at 
about  5  pC.  One  explanation  of  this  phenomenon  is 
that  a  charge  is  being  injected  into  the  perfluoro- 
carbon  impregnant.  This  is  more  or  less  verified  by 
the  fact  that  all  three  tested  dielectrics  (polysul- 
fone,  polypropylene,  polycarbonate)  have  shown  iden¬ 
tical  spectral  signatures.  The  impregnant  is  the 
only  constant  among  the  three  capacitors. 

One  very  distinct  characteristic  of  these  per- 
fluorocarbon  capacitors  is  the  lack  of  any  perceptible 
charge  noise  on  measurement  cycles  following  the 
first  charge  cycle.  If  a  period  of  several  hours  has 
transpired  between  charges  or  a  voltage  reversal 
(opposite  polarity  charge)  has  occurred,  then  charge 
noise  is  visible  again.  On  charge  cycles  immediately 
following  other  charge  cycles  of  the  same  polarity, 
there  appears  to  be  little  or  no  charge  noise. 
Hydrocarbon-impregnated  capacitors  do  not  demonstrate 
the  same  magnitude  of  difference.  Figure  7  shows 
repeated  charges  of  a  hydrocarbon-impregnated  capaci¬ 
tor  (4  cycles,  30  seconds  apart).  Figure  8  shows  the 
results  when  a  Sandia  capacitor  is  cycled  exactly  the 
same. 

One  explanation  for  the  disappearance  of  the 
charge  noise  described  above  is  that  the  perfluoro- 
carbon  impregnant  has  a  long-term  charge  storage  cap¬ 
ability.  This  long-term  storage  may  be  responsible 
for  a  space-charge  effect  at  the  foil  edges.  This 
almost  creates  a  guardwire  effect  forcing  enhancement 
back  into  a  more  film-normal  homogeneous  field  re¬ 
ducing  the  thermal  erosion  in  the  margin  area  experi¬ 
enced  in  capacitors  of  different  impregnant  types. 

Our  comparisons  of  the  two  types  of  capacitors 
were  limited  by  the  inability  of  any  of  the  commercial 
capacitors  to  exceed  1400  V/mil  stress  without  inter¬ 
nal  breakdown.  In  the  above  comparison  of  consecu¬ 
tive  charge,  the  stress  in  the  Sandia  perf luorocarbon 
capacitor  was  held  to  2  kV/mil.  They  routinely  under¬ 
go  5.4  kV/mil  charges  during  our  low  power  tests 
without  problem. 

In  Fig.  9,  a  multichannel  scan  shows  the  charge 
noise  vs  time  for  one  of  the  Sandia  capacitors 
stressed  to  5.4  kV/mil.  In  Fig.  10,  the  second  con¬ 
secutive  charge  is  shown  30  seconds  later.  The  scan 
time  is  25.6  seconds,  and  the  same  machine  parameters 
were  used.  We  assume  that  similar  charge  injection 
noise  would  be  visible  with  the  hydrocarbon  impreg- 
nants;  however,  no  commercial  capacitors  were 
available  that  would  allow  these  high  stresses  on  the 
dielectric  system.  Breakdowns  in  the  insulator  stud 
areas  and  dielectric  punch-through  because  of  folds 
and  wrinkles  in  the  bulk  occurred  well  before  2 
kV/mil  was  reached.  We  expect  the  next  few  months  to 
be  quite  instructive  in  the  area  of  charge  noise 
phenomena  as  our  equipment  becomes  more  sophisticated. 

Electrical  Modeling 

In  most  pulse  application  service,  the  current 
risetime  through  a  typical  storage  capacitor  would  be 
probably  1  ps  to  about  100  ns  (thyratron  and  SCR 
switched  systems).  An  average  of  400  ns  would  have 
the  Fourier  equivalent  of  about  900-kHz  bandwidth.  A 
value  of  1  MHz  was  chosen  for  network  modeling  of 
these  Sandia  capacitors.  We  felt  that  this  value 
would  give  a  realistic  view  of  the  lumped  effect  of 
effective  series  resistance  (ESR)  and  parasitic  in¬ 
ductance  for  power  loss  characterization.  A  parallel 
network  of  the  capacitor  and  of  a  strap  inductor  is 
resonated  near  1  MHz  using  an  HP-4815A  vector  impe¬ 
dance  meter. 

Several  impedance  measurements  over  the  range  of 
500  kHz  to  100  MHz  plus  an  indicated  series  self¬ 
resonance  of  the  capacitors  result  in  a  model  of  the 
Sandia  capacitor.  The  device  is  characterized  by  a 
series  LPC  network.  These  devices  show  about  30-nH 
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inductance,  approximately  35-mfl  resistance,  and 
about  0. 2-yF  capacitance.  Both  the  ESR  and  the  in¬ 
ductance  have  proved  to  he  extremely  stable  throughout 
all  80  odd  units  tested  so  far.  Consistency  of  the 
capacitance  value  has  characteristically  been  to  a 
few  tenths  of  a  percent  of  any  one  dielectric  type. 

It  has  been  our  experience  so  far  with  the  per- 
fluorocarbon  (Sandia)  capacitors  that  the  ESR  at  1 
MHz  and  the  parasitic  inductance  have  not  shown  any 
significant  change  with  life  tests  at  well  over  2  x 
10°  shots  at  1-kHz  repetition  rate  and  3.5-kV/mil 
stress . 


Conclusion 

The  CTF  at  Los  Alamos  National  Laboratory  is  now 
functional.  We  are  verifying  daily  the  need  for 
thermal  design  considerations  in  moderate-to-high 
repetition  rate  capacitors.  The  perf luorocarbon 
impregnated,  Sandia  capacitors  have  proved  to  be 
worthy  of  continued  development  effort.  Our  instru¬ 
mentation  and  testing  program  is  maturing  with  each 
test  series.  The  next  year  will  yield  significant 
advances  in  both  testing  instrumentation  and  in  the 
quality  of  the  capacitors  being  studied. 
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TEMPERATURE  IN  DECREES  0 


Fig.  1.  FC-72  filled  power-on  temperature  rise 


TETEERATURE  IH  0ECREES  C 


Fig.  2.  MIPB  filled  power-on  temperature  rise. 

TEMPERATURE  IN  DECREES  C 


Fig.  3.  Thermometer  system  function. 


TEMPERATURE  IH  DECREES  C 


Fig.  4.  FC-72  filled  cool-down. 
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